The crayfish plague fungus Aphanornyces astaci Schikora (a member of the Saprolegniales), still constitutes a threat to natural populations of European freshwater crayfish species. The cultivation of farmed European crayfish species is at risk from disease unless a farm has its own safe water supply, e . g . spring water. Failing this, the stock is constantly threatened by upstream contamination due to the illegal release of nonnative disease-carrying crayfish or fishing equipment.
The crayfish plague fungus was introduced into Europe following the introduction of North American crayfish (Soderhall & Cerenius 1992) . North American crayfish species have a low susceptibility for the disease and may carry the fungus in their cuticle over long periods of time as a benign infection, but can die of plague if the individuals are stressed (Soderhall & Cerenius 1992) . In contrast, European species are highly vulnerable to the disease and regularly succumb to infection. During the past century, the distribution of non-native crayfish species has dramatically increased due to stocking activities, the natural spread of stocked populations, and the release of exotic crayfish by private aquarist or pond owners. In areas, where American species have been introduced, mass mortalities of European crayfish have frequently been documented (Alderman 1996) .
Mass mortalities of Astacus astacus were observed in 1996 in 3 independent sites in southern Germany separated by at least 80 km. In 2 of the outbreaks diseased crayfish were collected for further investigation. Previous occurrences of mass mortality or disappearance of native crayfish stocks in southern Germany have also been observed (E. Bohl pers. comm.) and the course of disease in these cases, i.e. the duration of mortality and total losses, strongly suggests that crayfish plague was involved. The distribution of crayfish in Bavaria is well documented as a result of stocking surveys (Bohl 1989) .
Molecular techniques allow the determination of the degree of relatedness of organisms belonging to one species. Huang et al. (1994) and Dieguez-Uribeondo et al. (1995) applied arbitrary primers and the polymerase chain reaction (PCR) technique to study the genetic variation between different strains of Aphanomyces astaci. These studies allowed the assignment of 4 groups: Group A comprises strains that were isolated from Astacus astacus and also 1 strain from Astacus leptodactylus; these strains are proposed to have been in Europe for a long period of time. Group B includes isolates from both A . astacus in Sweden and Pacifastacus leniusculus from Lake Tahoe, USA. In this case, imported P. leniusculus probably served as a vector and infected native A . astacus. Group C consists of a sinale strain isolated from P. leniusculus ing zoospore production) of the German strains as Aphanomyces astaci were undertaken using fish were transferred into 10 l aquaria, containing aerthe method of Cerenius et al. (1988) . Morphological ated tap water and brick tubes that allowed each crayassignation of the fungi was performed as described by fish to hide. Only intermolt crayfish were used. During DiCguez- Uribeondo et al. (1995) . the infection trial, the crayfish were not fed. Individu-
Aphanomyces astaci strains for comparative study:
als that died during the experiments were examined The strains chosen for comparison with the German for the presence of Aphanomyces astaci hyphae in the isolates were strain L1, isolated in 1962 from an outcuticle. Detailed experimental conditions are shown in break of crayfish plague in Astacus astacus in Sweden, (1987) . DNA was extracted using a Nucleon I1 kit following the manufacturer's (Scotlab) instructions for preparation of DNA from mycelial fungi.
Randomly amplified polymorphic DNA (RAPD)-
PCR: The RAPD-PCR was performed as described by Huang et al. (1994) with slight modifications. The RAPD reactions were carried out in a 50 p1 volume containing 1.6 ng fungal DNA, 1.5 mM MgCl,, 5 p1 10-X buffer (Arnersham), 200 pM of each dNTP (Pharmacia), and 2.5 units of Ampli Taq-polymerase (USB).
Reactions were carried out in 0.2 m1 test tubes in a programmable heat block (Perkin Elmer 2400 Gene Amp PCR System). The reaction conditions were identical to those described by Huang et al. (1994) with the exception that the samples were first heated at 94OC for 5 min followed by 2 min at 80°C. The sequences of the primers are shown in Table 3 . Results and discussion. Following 2 outbreaks of crayfish plague in Astacus astacus crayfish in southern Germany, Aphanomyces-like strains were recovered from diseased A, astacus.
The German strains were morphologically similar to a range of other Aphanomyces astaci strains. As is the case for all other A. astaci strains, the formation of sexual structures could not be induced by growth on suitable indicator media such as corn meal agar. The diameter of hyphae was 3.0 to 12.7 pm. Spore production was observed 10 h after transfer of mycelia from PG1 medium into sterilized river water at 16°C. As morphology alone is insufficient for the identification of A. astaci, infection experiments were performed using healthy Astacus astacus. After addition of zoospores, the first crayfish died on Day 2 of the experiment (both strain M96/1 and M96/2). All A. astacus infected with strain M96/1 died by Day 8 of the experiment, and all A. astacus, infected with M96/2 were dead by Day 4. In the control group all crayfish were still alive at Week 4. All deceased cravfish exhibited a the German strains can be assigned to Group B, as described by Dieguez-Uribeondo et al. (1995) . This group contains isolates from Pacifastacus leniusculus originating from California, as well as isolates from Astacus astacus which have been infected as a result of proximity to P. leniusculus. This supports the hypothesis that the German outbreaks were caused by a recent introduction of Aphanomyces astaci. The most likely route for A. astaci to Germany from the U.S. in recent years was probably via Sweden, vectored by P. leniusculus.
The hatchery where strain M96/1 was isolated had not had related disease problems for a period of at least 16 yr and thus may be regarded as free of crayfish plague during that time. Wild stocks of Astacus astacus and Austropotarnobius torrentium were observed in the upstream drain system prior to the epizootic and are currently still present. During the period 1984 to 1989, crayfish stock surveys revealed no occurrence of foreign crayfish species within a 50 km radius of the site (Bohl 1989) . Since 1989 regular test fishing for crayfish has been performed in the area around the crayfish farm, the number of sites sampled varying between 5 and 10 every year. No non-native species have ever been detected.
The private pond hatchery where strain M96/2 was isolated has its own spring water supply. Aphanomyces astacus were introduced into the hatchery in autumn 1995, but losses did not occur before the spring of 1996.
The method of infection is unknown in both cases. The distance between the 2 sites is approximately 
